Results One-way ANOVA showed significant differences in BF and BV values between those before and after chemotherapy (p < 0.01). The BF, BV and size reduction rate after three series of chemotherapy were significantly correlated with pathological efficacy grade. BF and BV values after the first and third series of chemotherapy were also significantly correlated with clinical response (p < 0.01, respectively). The diagnostic sensitivity and specificity of the BV reduction rate were higher than those of size reduction rate. Conclusions Low-dose CT perfusion imaging is a valuable tool that permits microcirculation evaluation and therefore can evaluate the efficacy of neoadjuvant chemotherapy in patients with advanced gastric adenocarcinoma.
Introduction
The incidence and mortality rates of gastric cancer have been steadily declining in Western countries in recent decades [1] . However, its incidence and mortality are still ranked first among malignant tumors of the digestive tract in China [2, 3] , and the mean survival duration of patients with advanced gastric cancer is less than 1 year [4] . Since Wilke et al. [5] first reported administration of neoadjuvant chemotherapy in the treatment of gastric cancer in 1989, adjuvant therapy for gastric cancer has been extensively studied, and the effect of adjuvant perioperative chemotherapy has been demonstrated in well-designed, multicenter and randomized clinical trials [6] . Previous studies have shown that there is an association between tumor response at anatomical imaging evaluation and histopathological response and survival
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in patients with gastric cancer who are treated with neoadjuvant chemotherapy. However, it still lacks uniform standards to discriminate responders from non-responders; therefore, it is hard to evaluate neoadjuvant chemotherapy's efficacy in gastric cancer treatment [7] . Meanwhile, as it takes time for gross tumor changes to become apparent [7] , anatomical imaging may be of limited value in the early assessment of neoadjuvant chemotherapy's efficacy. Low-dose spiral perfusion CT, which can visualize changes in tumor vascular physiology and could thereby potentially be a biomarker for the therapeutic response to chemotherapy [8] , has shown great promise in the study of the brain [9] , kidney [10] , lung [11] , etc., by significantly reducing the X-ray dose of CT perfusion scans without compromising the clinical accuracy. In this study, we utilized low-dose spiral CT perfusion imaging to evaluate the efficacy of neoadjuvant chemotherapy in patients with advanced gastric adenocarcinoma and to determine whether any of the perfusion parameters would predict the tumor response to chemotherapy.
Patients and methods

Study population
The ethics committee of our institution approved this study, and written informed consent was obtained from all patients after detailed explanations. Forty patients with advanced gastric adenocarcinoma (T3-4NxM0) were prospectively recruited in our hospital from June 2015 to December 2016, including 30 males and 10 females (mean age 61 years; age range 38-70 years). Inclusion criteria consisted of advanced gastric adenocarcinoma with local lymph node metastases and without distant metastases (clinical tumor stage T3 or T4 and ≥ N1 and M0) confirmed by biopsy pathology under endoscopic ultrasonography and patients who completed three cycles of chemotherapy. Exclusion criteria were: allergy to contrast material, impaired renal function and patient unfitness for chemotherapy. All patients received three cycles of neoadjuvant chemotherapy (i.e., ECF chemotherapy regimen: epirubicin 50 mg/m 2 , intravenous drip, on day 1; cisplatin 60 mg/m 2 , intravenous drip, on day 1; 5-FU 200 mg/m 2 , intravenous drip, on day 1-21, being repeated every 21 days), and tumor surgical resection was performed within 1 week after chemotherapy. The patients were evaluated with a low-dose spiral CT perfusion imaging prior to, after the first series of and after the third series of chemotherapy.
Perfusion CT study protocol
The stomach is a tubular organ with peristalsis; therefore, the accuracy of the perfusion data and quality of the perfusion image rely on the efficacy of preparations prior to the CT perfusion examination, which included: (1) each patient was required to fast for no less than 8 h prior to the CT examination; (2) 10-15 min before scanning, hyoscine butylbromide, an anticholinergic reagent, was injected intramuscularly to inhibit gastrointestinal peristalsis. Subjects who had contraindications to this reagent (such as glaucoma, prostatitis, etc.) were excluded. (3) At 5 min before the examination, all subjects were asked to drink 800-1200 ml of warm water to distend the stomach for better visualization of the tumor. (4) An 18-gauge venipuncture needle was placed in the median cubital vein. (5) Participants were instructed in breathing exercises to prolong the breath-holding time to minimize the respiratory rate and amplitude. Furthermore, an abdominal strap was placed around the subject's abdomen to reduce respiratory movement and encourage shallow breathing during the examination.
First, a routine abdominal plain CT scan was performed on a 64-slice spiral CT scanner (Siemens Sensation 64, Germany) with the following parameters: a slice thickness and spacing of 5 mm, tube voltage of 80-100 kV, tube current of 60-80 mAs, matrix of 512 × 512 pixels and pitch of 0.984:1. Then, a perfusion CT scan was performed based on the images obtained by the CT plain scan; we chose the slice that included the largest tumor area as the center slice; in all, six nearby slices, including the center slice, were selected every 3 cm on the Z-axis. These slices were scanned with a small field of view (FOV) of 4.8 mm slice thickness, tube voltage of 80-100 kV and tube current of 60-80 mAs. A 50 ml bolus of iopamidol (Iopamiro; Bracco; Shanghai, China) containing 300 mg of iodine per ml was injected using a power injector (MEORAO-Stellant, MEORAO Co., Germany) via an antecubital vein at a rate of 5 ml/s through an 18-gauge intravenous cannula. Scanning commenced 7 s after contrast agent injection, and the scan duration was 30 s. Perfusion scan images were reconstructed using an iterative algorithm to decrease the radiation dose and maintain good image quality.
Image interpretation
Data from the dynamic perfusion CT scan were transmitted to an Advantage Workstation System (ADW4.0, Siemens). The abdominal tumor perfusion protocol in the body CT perfusion 3.0 software (deconvolution method) was then used for data processing. The abdominal aorta was selected as the input artery, and pseudo-color (pcolor) perfusion images were obtained through workstation processing. The region of interest (ROI), which was no less than half of the maximum target lesion area, was drawn as large as possible around the tumor to reduce noise (>50 pixels). Necrotic areas were avoided, and the solid tumor portion was ensured to be as large as possible. Corresponding perfusion parameters, namely blood flow (BF) and blood volume (BV), were measured. Measurements of all perfusion parameters were repeated three times, and the averages of the three measurements were shown.
Image evaluation
Analysis of CT images before and after neoadjuvant chemotherapy was performed in consensus by three experienced radiologists who primarily engaged in gastrointestinal tumor research and were blinded to the clinical findings and surgical or histopathologic results, and they were responsible for recording the image quality (presence or absence of artifacts and stomach cavity filling status), primary tumor size, tumor location and perfusion parameter values. Changes in perfusion parameters as well as primary tumor size between prior to chemotherapy and after chemotherapy were calculated using the following formulae, respectively, in which brackets stand for a tumor perfusion or size measure:
Clinical evaluation
The clinical tumor regression was graded based on the standard of Response Evaluation Criteria in Solid Tumors (RECIST, version 1.1), and the specific notations were as follows [12] : complete response (CR), complete disappearance of the tumor; partial response (PR), the maximum diameter of the tumor reduces more than 30%; progressive disease (PD), the maximum diameter of the tumor adds more than 20% (or >5 mm) or new lesions appear; stable disease (SD), between PR and PD.
Pathological evaluation
The surgically removed gastric tumor was sent fresh for pathological examination, thinly sliced and promptly fixed in neutral buffered formalin. The tumor was detectable macroscopically; its size was measured, and at least four paraffinembedded sections were stained with hematoxylin and eosin for histological evaluation. All surgical resection specimens were evaluated by experienced pathologists in consensus to assess the pathological response, and the histopathologic tumor regression was semiquantitatively graded based on the General Rules of the Japanese Research Society for Gastric Cancer (JRSGC, 1995) [13] . Patients were divided into two groups: the pathologically ineffective group and pathologically effective group. Patients with moderate change (grade II) and significant change (grade III) were categorized as the pathologically effective group, and patients with no change
(grade 0) and mild change (grade I) were categorized as the pathologically ineffective group.
Statistical analysis
BF and BV values are expressed as mean ± standard deviation (̄ ± SD). All statistical procedures were run on the Statistical Package for Social Sciences, version 17.0 (SPSS Inc., Chicago, IL, USA). The reference range includes 95% confidence intervals. One-way analysis of variance (ANOVA) was used to detect any significant variation of the tested parameters between the different times of scanning.
The percentages of reduction rates of BF, BV and primary tumor size after three series of chemotherapy were correlated with the pathological efficacy grade using Spearman's test. Similarly, Spearman's test was used to evaluate the correlation between BF and BV values after the first and third series of chemotherapy and clinical response, respectively. To evaluate the diagnostic accuracy of low-dose CT perfusion imaging in the prediction of response to neoadjuvant chemotherapy, we performed receiver-operating characteristic (ROC) analysis to determine the optimal diagnostic cutoff value for changes in perfusion parameters as well as tumor size in regard of sensitivity and specificity for predicting pathological response. p < 0.05 was considered statistically significant.
Results
Results showed CT perfusion scanning generated small radiation doses (about 5 mSv), and the image quality met diagnostic requirements. We observed significant decreases (>50%) in gastric tumor size in three cases (Figs. 1, 2 ), mild to moderate decreases (<50%) in 20 cases and no changes in 17 cases after the first series of chemotherapy. Table 1 shows comparison of CT perfusion parameters before and after chemotherapy for 40 patients with advanced gastric adenocarcinoma. One-way ANOVA showed significant differences in BF and BV values between before chemotherapy and those after the first series of chemotherapy and between before chemotherapy and those after the third series of chemotherapy (p < 0.01), while there was no significant difference in BF and BV values between those after the first series of chemotherapy and those after three series of chemotherapy (p > 0.05). No significant differences were seen for BF and BV values before chemotherapy and after chemotherapy in the normal stomach wall (p > 0.05).
According to the pathological efficacy evaluation standard proposed by the Japanese Research Society for Gastric Cancer, there were 5 cases with grade 0, 20 cases with grade I (15 IA and 5 IB), 11 cases with grade II (Fig. 2d ) and 4 case with grade III. Among them, 25 cases were classified as the pathologically ineffective group (grade 0 and grade I), and 15 cases were classified as the pathologically effective group (grade II and grade III). There was a statistically significant difference in BF and BV value reduction rates between the pathologically ineffective group and pathologically effective group (p < 0.01). The BF reduction rate and BV reduction rate after three series of chemotherapy were significantly correlated with the pathological efficacy grade (r = 0.536, p = 0.002 and r = 0.568, p = 0.001, respectively). The correlation between the BV reduction rate and pathological efficacy grade is shown in Table 2 . The size reduction rates after three series of chemotherapy were also significantly correlated with the pathological efficacy grade (r = 0.517, p = 0.004). The correlation between the size reduction rate and pathological efficacy grade is shown in Table 3 . The BF and BV values of 40 patients with advanced gastric adenocarcinoma after the first series of chemotherapy were significantly correlated with clinical response (r = 0.615 and r = 0.637, p < 0.01, respectively). In like manner, the BF and BV values of 40 patients with advanced gastric adenocarcinoma after three series of chemotherapy were significantly correlated with clinical response (r = 0.652 and r = 0.664, p < 0.01, respectively), and the correlation of clinical response and perfusion parameters(BF, BV) after the first and third series of chemotherapy is shown in Table 4 .
An ROC analysis was used to determine the optimal diagnostic cutoff value for the BV reduction rate as well as size reduction rate (Fig. 3) after the first series of chemotherapy in patients with advanced gastric adenocarcinoma. The area under the curve (AUC) for BV was 0.833, and a cutoff value of 34.5% BV reduction rate yielded a sensitivity of 73% and a specificity of 87% for predicting response after the first series of chemotherapy (p = 0.000). Similarly, the AUC for Table 1 Comparison of BF and BV values prior to chemotherapy, after the first series of chemotherapy and after three series of chemotherapy in 40 patients with advanced gastric adenocarcinoma Intergroup comparisons were performed by ANOVA among the three groups. There was a significant difference in BF and BV values between before chemotherapy and those after the first series of chemotherapy and between before chemotherapy and those after three series of chemotherapy (p < 0.01) *Significant differences Perfusion parameter BF (ml/100 g/min) BV (ml/100 g) 
Discussion
CT perfusion imaging, which is also known as dynamic contrast-enhanced computed tomography (DCE-CT), is an imaging modality that enables noninvasive estimation of tumor vascularization in vivo [14, 15] . Nevertheless, the consequent heightened radiation exposure of patients who undergo a CT study is still a topic of concern [16] . Currently, various techniques have been developed to reduce the CT radiation dose. Among them, reducing the tube current and reducing tube voltage are the most practical means of reducing the CT radiation dose [17, 18] . However, a reduction in tube current and tube voltage can increase the image noise and degrade image quality and therefore affect the diagnostic accuracy when the filtered back projection (FBP) technique is used [19] . An iterative algorithm for CT was introduced to help reduce the quantum noise associated with FBP reconstruction algorithms [20, 21] . Previous reports suggested that this technique could provide diagnostic-quality images at 32-65% lower volume CT dose index (CTDIvol) values than those obtained with the FBP techniques [22] .
Our study found that a combination of low tube voltage (80-100 kV), low tube current (80 mA) and the iterative reconstruction algorithm technique was adoptable because it can preserve satisfactory image quality while reducing the radiation dose effectively. Meanwhile, we utilized a targeted scanning strategy by choosing a small field of view (SFOV), which meant that the slice containing the largest tumor area was selected as the center slice. With this strategy, it was feasible to reduce the radiation dose and improve the image spatial resolution at the same time. In addition, in consideration of the body size variation, we adjusted the tube voltage (80-100 kV) accordingly to ensure that patients received as little radiation dose as possible with the optimized parameters. In general, the radiation dose of CT perfusion scanning in our study was approximately 5 mSv. Meta-analyses have shown that adjuvant chemotherapy was effective in treating gastric cancer [23] . The 5-year survival rate was reported to be 38% in patients receiving perioperative adjuvant chemotherapy in comparison with 23% in those receiving surgery alone [24] . The 2009 NCCN Clinical Practice Guidelines in Gastric Cancer listed neoadjuvant chemotherapy as a recommendation for treatment of advanced gastric cancer. Up till now, many endeavors have been made to evaluate the role of neoadjuvant chemotherapy in the treatment of gastric cancer and explore the optimal strategy for chemotherapy delivery [6] . Some well-designed randomized clinical trials as well as a recently published The area under the curve for BV was 0.833, and a cutoff value of 34.5% BV reduction rate yielded a sensitivity of 73% and a specificity of 87% for predicting response after the first series of chemotherapy (p = 0.000). The area under the curve for size was 0.755, and a cutoff value of a 32.2% reduction rate in size yielded a sensitivity of 67% and a specificity of 80% for predicting response after the first series of chemotherapy (p = 0.025) reviews have reached a consensus to propose the ECF regimen as standard care [25] . Several anatomical and molecular imaging modalities have been utilized to predict tumor response to neoadjuvant chemotherapy in gastric cancer. Among them, most of previous studies used anatomical imaging such as routine CT examination and/or EUS, yet the sensitivity and specificity values seemed too low to be used for response assessment in clinical practice [7] . In addition, it takes time before gross tumor changes become apparent [7] . Meanwhile, chemotherapy administration, fibrosis and edema can lead to poorly defined tumor tissues. Thus, it is necessary to evaluate chemotherapy's efficacy from a functional perspective. PET imaging, as a molecular imaging modality, enables us to take direct or indirect measurements of several kinds of pharmacokinetic parameters with high sensitivity by imaging the radioactivity distribution in target organs [26] . Nevertheless, low-resolution, highionization radiation doses and high cost issues have limited the widespread use of PET imaging in clinical practice. CT perfusion imaging is a new imaging modality that permits microcirculation evaluation and therefore can give insight into physiological information about the status of gastric perfusion [27] . In this study, we utilized lowdose spiral CT perfusion imaging to evaluate the efficacy of neoadjuvant chemotherapy in patients with advanced gastric adenocarcinoma and to determine whether any of the perfusion parameters would predict tumor response to chemotherapy.
Our study found that there was evident reduction in primary tumor size of advanced gastric cancer for three cases after the first series of chemotherapy, but there were no visible morphological changes in 17 cases. On the contrary, we observed a significant reduction in the BF and BV values after the first series of chemotherapy (p < 0.01). This means alterations in perfusion parameters preceding to morphological changes can be detected via CT perfusion imaging. Our findings were in accordance with previous longitudinal studies, which demonstrated a significant post-therapeutic reduction in BV in colorectal cancer [28] , lung cancer [29] , hepatic tumors [30] and esophageal carcinoma [31] . However, Hansen et al. [32] did not find early changes in blood volume in advanced gastric cancer, although the reduction was significant in absolute numbers after three series of chemotherapy. We correlated the reduction rates of BF and BV values after chemotherapy with the pathological efficacy grade by using the Spearman test and found a high correlation between them. We also found that the BF as well as BV values after the first and third series of chemotherapy were significantly correlated with clinical response (p < 0.01, respectively). Likewise, Hansen et al. [32] found there was a positive correlation between a decrease in tumor permeability (k trans )
after one series of chemotherapy (3 weeks) and treatment response after three series of chemotherapy measured by clinical response, whereas Lee et al. [33] considered that only the volume reduction rate of the primary gastric cancer at CT was significantly correlated to histopathological tumor response. In addition, by performing ROC analysis, we found that the diagnostic sensitivity and specificity of the BV reduction rate were higher than those of the size reduction rate, and the AUC was larger for the BV reduction rate than for the size reduction rate, indicating that the BV reduction rate possesses better diagnostic performances than the size reduction rate for predicting the pathological response. There were several limitations to our study. First, our study sample was small for an adequate statistical analysis. Second, the artifact due to respiration was minimized but not avoided, which may limit the quality of images and interfere with the results. Third, we did not evaluate the perfusion parameter and size changes of index metastatic lymph nodes before and after chemotherapy, which might also be useful for evaluating the neoadjuvant chemotherapy efficacy in patients with advanced gastric adenocarcinoma.
In summary, low-dose CT perfusion imaging is a valuable tool that permits microcirculation evaluation and therefore can evaluate the efficacy of neoadjuvant chemotherapy in patients with advanced gastric adenocarcinoma. There are significant changes in BF and BV values after chemotherapy, and the BF and BV reduction rates were significantly correlated with the pathological efficacy grade. If the percentage of the BV reduction rate obtained after the first series of chemotherapy exceeded 34.5%, patients would be categorized as the pathologically effective group with 73% sensitivity and 87% specificity. Compared with the authorized RECIST method (tumor size), the CT perfusion parameter (BV) may possess better diagnostic performances for predicting the pathological response.
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